roneously called "cavernous haemangiomas". No studies of large patient populations have been reported in terms of imaging findings, extent of the abnormality, associated conditions and interventional therapeutic strategies. Therefore, the diagnoses of these abnormalities, as well as the interventional therapeutic approaches are not well-known. The purpose of this study was to determine the demographic and imaging spectrum of cervicofacial VMs and to review the therapeutic strategies used in a dedicated tertiary interventional service.
Material and Methods
We retrospectively analyzed 53 consecutive patients with cervicofacial VMs who had been treated between june 1999 and december 2000 (18 months) on our service. The group consisted of 29 female and 24 male subjects; the age range was one month to 59 years old (mean age, 18 years) at the time of the interventional procedure. Thirty-seven of the 53 patients had pre-treatment magnetic resonance imaging scans (MRIs) (25 outside, 12 in-house). Eight of the 25 outside scans were excluded from the study due to incompleteness. Of the 17 acceptable outside scans, 14 scans had post-contrast imaging, and only two scans had gradient echo imaging. All in-house MRI scans were performed per the department's vascular anomalies protocol and were included in the study. MRIs were performed on a 1.5-T magnet,
Summary
We retrospectively evaluated 53 consecutive patients with cervicofacial venous malformation who had sclerotherapy. This review included a demographic analysis, MRI reexamination and tabulation of interventional therapeutic strategies. All patients whose MRI studies were included in this review demonstrated characteristic findings: space occupying lesion with hyperintense T2 signal abnormality, patchy contrast enhancement, and no flow signal on the gradient echo images. We concluded that a complete MRI work-up of these patients requires post-contrast scanning and gradient-echo imaging in addition to the standard T1 and T2 weighted spin echo imaging. The majority of patients had sporadic (non-familial) venous anomalies. Sinus pericranii (SP) was identified in six patients (11%) and blue rubber bleb nevus syndrome (BRB-NS) was found in two patients (4%). MRI findings of sinus pericranii are discussed in detail. Although sodium tetradecyl and/or absolute ethanol are the most commonly used sclerosants, a wide variety of therapeutic strategies (depending on the nature of the abnormality) are also needed for these patients.
which included T1-and T2-weighted spin echo imaging in at least two planes, a short echo time gradient echo sequence and a fat-suppressed T1-weighted imaging after intravenous gadolinium administration. T2-weighted images were used to demonstrate the boundaries of the anomaly while the gradient echo sequence was used to evaluate the presence or absence of high-flow vasculature within the anomaly. Post-contrast scanning was used to differentiate VMs from lymphatic malformation. All patients found to have a lymphatic component (capillary-lymphatic-venous malformation or lymphatic-venous malformation) were excluded.
Anatomical distribution, extent of involvement, MRI findings, as well as the association with sinus pericranii or underlying vascular syndromes were all recorded by an experienced interventional radiologist (O.K.) by reviewing the pretreatment MRIs and procedural reports. Anatomical sites in the head and neck were grouped into seven anatomic sites: face (paranasal, buccal, labial, paraorbital), oral cavity / tongue, neck, submental, parapharyngeal / paralaryngeal, parotid and frontal / temporal. The number of anatomic sites involved was determined by reevaluation of pre-treatment MRIs. If MRI was unavailable, the extent was estimated by clinical findings and/or interventional diagnostic studies. Lesions involving a single anatomic site were considered "small VM" (group#1), lesions involving two or three anatomic sites were considered "medium-sized VM" (group#2) and lesions involving four or more were considered "large VM" (group#3).
Results
Anatomic extent: Out of 53 patients, 32 had small VMs and 17 patients had moderate VMs and there were only four patients with extensive VMs. Among the 32 patients who had small VMs (group#1), the involvement of the facial structures was most common (n = 24). In group#1, frontal/temporal (n = 4), neck (n = 2), parotid (n = 1) and parapharyngeal (n = 1) involvement were much less common. 12 of the 17 patients with medium-sized VMs had facial involvement (group#2). The other areas of involvement in group#2 in decreasing order included oral cavity / tongue (n = 6), parapharyngeal (n = 6), parotid (n = 5), neck (n = 4), sub-mental (n = 4), and frontal / temporal (n = 3). All four patients with extensive VMs (group#3) demonstrated the involvement of the facial structures, parapharyngeal space, submental regions and parotid regions. One patient with an extensive VM had involvement in six of the seven previously mentioned categories, except for the frontal/temporal region.
Airway compromise: Twelve of 53 patients (23%) had various degrees of airway involvement on the imaging studies. Seven of the 12 patients (13% of total patient population) had severely compromised upper respiratory tract and required control of the airway (airway protection) during recovery from sclerotherapy. All patients with extensive VMs had significant compromise of the airway. Patients requiring staged interventional procedures underwent elective tracheostomy prior to interventional therapy (three patients, nearly 6% of the total patient population). Patients with airway involvement due to more localized lesions recovered in the intensive care unit (ICU) with nasotracheal intubation for 24-96 hours.
Imaging findings: T2-weighted images of all cases included in this series (37 of the 53 patients) demonstrated sharply marginated space occupying hyperintense lesions that were various in size and location in the head and neck (figures 1-3). 13 of the 14 cases (12 cases with in-house MRI scans and 2 cases with outside scans); in which gradient echo images were available for review, showed no evidence of intralesional fast-flow signal (figure 1), while one patient exhibited equivocal gradient echo hyperintensities. In 25 of the 26 cases (12 cases with inhouse scans and 14 cases with outside scans) in which post-contrast scanning was performed, patchy contrast enhancement was noted on the post-contrast MRIs (figures 1,2,4). One case demonstrated only a mild degree of contrast enhancement that could be accounted for the patient's previous surgical debulking procedure.
Associations: Of the total patient population (n: 53), six patients (11%) had sinus pericranii (SP) (figure 4), two patients (4%) had blue rubber bleb nevus syndrome (BRBNS) and one patient had familial cutaneomucosal venous malformation. Sinus pericranii was docu- Figure 1 Small VM. The lesion is triangular shaped and located adjacent to the right maxilla, anterior to the masticator muscles. The lesion is hyperintense on the T2-weighted image (A), isointense to the musculature on the T1-weighted image (arrow) (B) and demonstrates significant contrast enhancement, particularly within the central portion of the lesion, on the post-contrast fatsaturated T-1-weighted image (C). There is mild soft tissue prominence in the corresponding region, associated with a mild degree of signal abnormality, which is most consistent with mild oedema. VMs are characteristically conspicuous on the T2-weighted images and demonstrate obvious contrast enhancement. T1-weighted images are typically insensitive for these lesions. Lymphatic malformations (LMs), a main differential for these lesions, are expected to demonstrate no contrast enhancement or minimal peripheral enhancement ("rings and arcs") 7 . No flow-related signal is seen in or around the lesion on the gradient-echo image (D).
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mented in two of the four patients with extensive VM both of whom had VMs involving the frontal/temporal regions.
Another patient with extensive VM had involvement of the frontal/temporal region (also involvement of the calvaria) but was not proven to have sinus pericranii. The fourth patient with extensive VM had neither sinus pericranii nor involvement of the frontal/temporal region. The remaining SPs (n: 4) were identified in patients who had small VMs (n: 2) and medium-sized VMs (n: 2). SP was demonstrated by injecting a contrast material directly into the extracranial VM in four patients and by arteriography in the remaining two cases. Out of six SP patients, intracranial developmental venous anomalies (DVAs) were found in four patients and large dysplastic dural sinuses were found in two patients. Five of the six SP patients had complete MRI scans available for review. The most common MRI feature of sinus pericranii, noted in four of the five patients, was contrast enhancement of the communicating sinus and an increased T2 signal abnormality in the calvaria, either representing involvement of the calvaria by VM, a communicating sinus itself or intraosseous dural lake.
Interventional therapeutic methods: The number of treatments (per patient) ranged from 1 to 20, average of three procedures per patient. Most patients (26 patients, 49%) had only one procedure. Ten patients (19%) had two procedures, 14 patients (26%) underwent three to six procedures and three patients (6%) underwent seven or more procedures. The method of treatment varied based on the size, extend and type of the venous malformation (table 1) . Sodium tetradecly sulfate (Sotradecol ® , 3%) was the most commonly used sclerosant agent. Sodium tetradecyl sulfate was used in 122 of the 146 procedures (84%), whereas ethanol was used in 87 procedures (60%).
Intralesional coil embolization was used in 12 patients, ten of whom had either small or medium-sized VM (groups#1&2). N-butyl 2cyanoacrylate (NBCA) was used preoperatively in two procedures (performed on the same patient) in order to facilitate resection (NBCA causes minimal post-procedure tissue oedema, whereas ethanol causes severe oedema) (figure 5). A balloon occlusion technique was used for three patients to reduce the washout of the sclerosant agent. A balloon (12 mm x 4 cm) was Figure 2 Medium-sized VM. The lesion is somewhat hyperintense on the T2-weighted image (A) and involves several adjacent compartments including the left face, parapharyngeal/paralaryngeal, as well as, the oral cavity (curved arrow). The airway at this level appears to be significantly distorted (small arrows). The lesion demonstrates mild diffuse contrast enhancement. The degree of intensity of the lesion on the T2-weighted image and the degree of contrast enhancement of the lesion are somewhat less conspicuous than expected for a VM. Airway involvement is particularly important at the time of sclerotherapy and may require protection during and after the procedure. ings (or in some cases with additional cross-sectional imaging) without a histopathologic study, the incidence of pure lesions and combined malformations are unknown. Given the fact that the transcatheter therapeutic techniques (sclerotherapy) do not significantly vary between true VMs and combined slow-flow anomalies, a definite diagnosis is not important. Nevertheless, all patients included in this study had VMs based on the clinical and radiological findings; cases with a suspected lymphatic component were excluded. The core of the MRI work-up for vascular anomalies included T2-weighted spin echo, gradient echo and post-contrast scanning. VMs are characteristically hyperintense on T2-weighted MR images and of low intensity on T1-weighted MR images. Well-demarcated lobulated margins and phleboliths (multiple rounded signal voids) are expected findings 1, 7 . High-flow vascular signal voids on spin echo or flow-related hyperintensities on gradient echo are not features of true VM. Enhancement of the ab- 231 inflated in the right subclavian / innominate vein of one patient with a large neck and facial VM, during the coil embolization and sclerotherapy. A balloon was also used in the right internal jugular vein during intralesional ethanol injection in another patient who had a moderate size VM involving the right face and lip. The third patient, who had a large sized neck/upper chest VM, was treated with coil embolization and sclerotherapy, while a balloon was used to close a large communication between the right internal jugular vein and the malformation (this communication was subsequently closed off by placing a custom-made covered stent). The ascending pharyngeal and palatine arteries were embolized preoperatively with PVA particles and Gelfoam ® pledgets, in a patient who had an extensive VM of the face and neck, in order to reduce blood loss during tonsillectomy.
Discussion
Venous malformations (VMs) are probably the most common vascular anomaly. Many VM patients are referred to vascular anomalies clinics that are generally established by the participitation of surgeons, interventional radiologists and pathologists. However, general radiologists, musculoskeletal radiologists or neuroradiologists occasionally encounter cervicofacial VMs and play important role in the diagnostic work-up and treatment (or triaging) of these patients. Unfortunately, VMs are commonly (and erroneously) referred to as "haemangioma" or "cavernous haemangioma" which causes confusion and inappropriate treatment in some cases. For example, it is common to see patients with VM who were previously treated with steroids because of the misdiagnosis of their condition (VM) as "haemangioma"; this is particularly prevalent in pediatric population. Therefore, recognizing and properly characterizing the malformation using the established classification system for vascular anomalies 6 is important to eliminate confusion and mistriaging, as well as mistreatment.
Although most cervicofacial VMs occur in a pure form, some VMs are combined with other slow-flow anomalies, such as capillary-lymphatic-venous malformation (CLVM) or lymphaticvenous malformation (LVM) 4 . Since the diagnosis of a VM is usually made by clinical find- Figure 4 Large VM. The lesion is very extensive involving several compartments in the head and neck bilaterally and demonstrates significant contrast enhancement as seen on this post-contrast fat saturated T1-weighted image (A). The face is significantly distorted bilaterally and the airway is narrowed at the level of the oropharynx (small arrow). The pinna on the left is also involved (large arrow). A direct intralesional contrast injection (B) performed during sclerotherapy / coil embolization shows characteristic contrast filling within the malformation with contrast extending through the diploic space (the socalled "intraosseous dural sinuses") (arrows) and draining into the intracranial dural sinuses (sinus pericranii).
(35%)
Sodium normal vascular channels in a VM is typically seen on MRI after the intravenous administration of gadolinium. Post-contrast MRI helps to differentiate VMs from vascular anomalies of a lymphatic origin, and other entities such as cysts of pharyngeal arch, branchial cleft, foregut duplication and thyroglossal duct 1, 4, 8 .
The MRI findings in our series were consistent with previously published data 1, 7 . However, MRIs performed outside our institution frequently omitted gradient echo sequence (> 85% in our series), while contrast was given in the majority of these cases (82% in our series). contrast to the published data 12 , we found it difficult to make a definite diagnosis of SP only using MRI, usually requiring an angiographic study (either arteriography or direct contrast injection into extracranial VM). On the other hand, SP should be particularly suspected when an extracranial VM is found in the presence of calvarial involvement, abnormal dural veins or an intracranial DVA. Although congenital, spontaneous and post-traumatic etiologies have been proposed in the literature 11 were very valuable in the differential diagnosis. While extent of lesions is easily seen on T2weighted images, diagnosis was most accurate with a complete study.
Post-contrast MRI and gradient echo sequence
Cervicofacial VMs are variable in size ranging from tiny lesions to huge vascular anomalies causing facial asymmetry and progressive anatomical distortion, as well as obstruction of the upper airway. Most cervicofacial VMs (60%) in this study were small, usually located in the buccal, paranasal and labial regions. Medium-sized (32%) and extensive VMs (8%) were less common (groups#2&3). One quarter of our patients (12 patients) had some degree of airway involvement, some (13% of total patient population) requiring airway protection during sclerotherapy. While most cases required only post-procedural intubation for airway protection, three of 12 required a tracheostomy. Considering the fact that many patients with small VMs are probably not interested in seeking a treatment, the overall percentage of small VMs should actually be higher than what we found in this study. On the other hand, cervicofacial VMs requiring airway protection during treatment (sclerotherapy) should actually be less common.
Some VMs are associated with sinus pericranii (SP) and intracranial DVAs [9] [10] [11] . Since many of the MRI studies performed on our patients did not include the entire brain, the incidence of intracranial DVAs in patients with cervicofacial VM could not be determined. SP is a condition in which a communication exists between the intracranial and extracranial venous drainage 10 . SP was identified in six patients (11%), all of which were confirmed by angiography, either by carotid arteriography or direct percutaneous intralesional contrast injection. It can be concluded based on this limited SP series that the means of angiographic techniques vary in their diagnostic work-up. No relationship between the extent of the VM lesion and the existence of sinus pericranii was found. The most common MRI findings of sinus pericranii were a signal abnormality and contrast enhancement in the communicating sinus, and a relatively large T2 signal abnormality extending within the diploic space resulting in increased calvarial thickness (intraosseous dural lake). MRI also helpful to identify the intracranial DVAs and abnormal dural veins, both of which are commonly associated with SP. However, in has not been reported previously. In our series, a coil(s) was used in conjunction with sclerotherapy in 29 procedures out of a total of 146 (20%). Our study does not evaluate the therapeutic outcome. However, the therapeutic strategies used in an interventional service dedicated to vascular anomalies can be used as a spectrum of treatment options for these patients elsewhere. Although high proportion of patients underwent a single therapeutic session in this series, this is probably a low figure, as most patients with VM require multiple sessions. However, the average of three sessions per patient probably holds true (based on our experience). In general, we prefer to use alcohol (ETOH) in large deep VMs and a milder sclerosant like sodium tetradecyl sulfate in superficial lesions and those near branches of the facial nerve. The extent of the use of sodium tetradecyl sulfate exceeded the use of ethanol, which is most likely due to higher number of small size VMs then of medium-sized and/or large VMs, although we are eager, due to its effectiveness, to use ethanol if its use is safe. Although allergic reactions to sodium tetradecyl sulfate have been described in the literature 2 , no significant allergic reactions were documented in our series. Production of sodium tetradecyl sulfate was recently discontinued for reasons unknown. Therefore, we now use ethanolamine oleate (Ethamolin ® , Questcor, CA) for the same indications.
Conclusions
Cervicofacial VMs can present in various locations and degrees of involvement, and may be associated with sinus pericranii and intracranial developmental dural and vascular abnormalities or as part of a syndrome such as BRB-NS or familial cutaneomucosal venous malformation. Facial structures, particularly buccal, paranasal and labial locations, are commonly involved. MRI studies of these patients should include post-contrast and gradient echo scanning for complete radiological evaluation. Sinus pericranii should be suspected in patients who have a large extracranial VM that is associated with calvarial involvement and intracranial vascular abnormalities. Sclerotherapy is the most common treatment, although some malformations are considered suitable for coil embolization. There appears to be a slight female predominance, which may be coincidental and requires confirmation with a larger number of patients.
